(54) FTitle of the Invention! Optical Characteristic 
Measuring Method and Device, Signal Sensitivity Setting 
Method, Exposure Apparatus f and Device Manufacturing Method 

( 57 ) [Abstract ] 

[Problem] To accurately measure the best focus position of 
a projection optical system regardless of the type of 
measurement mark , 

[Solution] A predetermined measurement mark is illuminated 
with illumination light to form an aerial image of the 
measurement mark, on an image plane through the projection 
optical system. Then, a measurement pattern is scanned 
relative to the aerial image while photoelect rically 
converted signals corresponding to the intensity of 
illumination light through the measurement pattern are 
obtained at each of a plurality of positions of the 
measurement pattern in an optical axis direction, Then, an 
area surrounded by photoelect rically converted signals 
obtained at respective positions of the measurement pattern 
in the optical axis direction, for example, a waveform of 
signals Pi and P 2 , and the scan axis of the measurement 
pattern is divided into a first area A (surface area A) 
indicating that the projection optical system is near the 
best focus position and a second area B (surface area B) 
indicating that it is far form the best focus position to 
detect the best focus position using an area ratio A/B 
between the first area and the second area as an evaluation 



amount. . 

[Scope of Patent for Claims] 

[Claim 11 An optical characteristic measurina method for 
measuring optical characteristics of a projection optical 
system, comprising : 

a step of illuminating a predetermined measurement 
mark with illumination light to form an aerial image of the 
me a s u r erne n t ma r k o n a n i ma g e p 1 a n e t h r o ugh the p r o j e c t i o n 
optical system; a step of scanning a measurement pattern 
arranged on the image plane side of the projection optical 
system relative to the aerial image while obtaining 
photoelectrically converted signals corresponding to the 
intensity of illumination light through the measurement 
pattern at each of a plurality of positions of the 
measurement pattern in an optical axis direction; and a 
step of dividing an area surrounded by a waveform of the 
photoelectrically converted signals obtained at respective 
positions of the measurement pattern in the optical axis 
direction and a scan axis of the measurement pattern into a 
first area indicating that the projection optical system is 
near a best focus position and a second area indicating 
that it is far from the best focus position to detect the 
best focus position using an area ratio between the first 
a .T. e a and the second area as an evaluation amount. 
[Claim 2] The optical characteristic measuring method 
according to claim 1 wherein 

the photoelectrically converted signals are image 
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intensity signals representing the intensity of the aerial 
image corresponding to respective positions of the 
me a s u re me n t p a t 1 e r n f 

the first area is an area having a predetermined 
width including a design best focus position when an area 
corresponding to the image intensity signals is divided 
along the position direction, and 

the second area is an area remaining after being 
divided . 

[Claim 3] The optical characteristic measuring method 
according to claim 1 wherein 

the photoelectrically converted signals are image 
intensity signals representing the intensity of the aerial 
image corresponding to respective positions of the 
measurement pattern, 

the first area is an area close to a maximum 
intensity side when an area corresponding to the image 
intensity signals is divided by a predetermined image 
intensity threshold along an intensity direction, and 

the second area is an area remaining after" being 
divided . 

[Claim 4] The optical characteristic measuring method 
according to any one of claims 1 to 3 further comprising a 
step of repeating detection of the best focus position at a 
plurality of points different in distance from the optical 
axis of the projection optical system to detect an image 
plane shape of the projection optical system. 
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[Claim 5] The optical characteristic measuring method 
according to any one of claims 1 to 4 wherein the 

attem 

consisting of at least one line pattern elongated in a 
direction orthogonal to the scanning direction. 
[Claim 6] The optical characteristic measuring method 
according to any one of claims 1 to 5 wherein the 
measurement pattern is a slit-shaped aperture pattern 
having a predetermined width elongated in a direction 
orthogonal to the scanning direction in a two-dimensional 
plane perpendicular to the optical axis, 
[Claim 7] The optical characteristic measuring method 
according to any one of claims 1 to 6 wherein a signal 
processing system including a photoelectric conversion 
device outputting photoelectrical!"/ converted signals 
according to the intensity of received signal light and a 
processing circuit into which the photoelect r ically 
converted signals are input from the photoelectric 
conversion device is used to acquire the photoelectricaily 
converted signals, and based on a value obtained by 
dividing an integrated value of one peak of the 
photoelectricaily converted signals by larger one of the 
line width of the measurement mark and the width of the 
measurement pattern, the signal sensitivity of the signal 
processing system is so set that the most effective use of 
the dynamic range of the signal processing system can be 
made . 
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[Claim 8] A signal sensitivity setting method for setting a 
signal sensitivity of a signal processing system including 
a photoelectric conversion device output t ing 

photoelect r i cally converted signals according to intensity 
of received signal light and a processing circuit into 
which the photoelect rically converted signals are input 
from the photoelectric conversion device, the method 
comprising : 

a step of irradiating illumination light onto a 
second surface through a linear pattern having a 
predetermined line width elongated in a first direction on 
a first surface; a step of scanning a measurement pattern, 
having a predetermined width elongated in the first 
direction on the second surface, with respect to the 
illumination light along a second direction orthogonal to 
the first direction while receiving the illumination light 
through the measurement pattern on the photoelectric 
conversion device to convert it into photoelect rically 
converted signals according to the intensity of received 
light; and a step of setting the signal sensitivity of the 
signal processing system, based on an integrated value of 
the photoelectrical ly converted signals so that the most 
effective use of the dynamic range of the signal processing 
system can be made. 

[Claim 9] The signal sensitivity setting method according 
to claim 8 wherein the signal sensitivity is set in the 
setting step based on a value obtained by dividing an 
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integrated value of a one-peak waveform of the 
photoel.ectrical.ly converted signals by larger one of the 
line width of the linear pattern and the width of the 
measurement pattern . 

[Claim 10] The signal sensitivity setting method according 
to claim 8 or 9 wherein the photoelectric conversion device 
is a photomu.lt iplier tube, and 

the signal sensitivity is set by setting a voltage 
applied to the phot omul t iplier tube. 

[Claim 11] An optical characteristic measuring device for 
measuring optical characteristics of a projection optical 
system, comprising : 

an illumination device for illuminating a 
predetermined measurement mark to form an aerial image of 
the measurement mark on an image plane through the 
projection optical system; a pattern forming member 
arranged on the image plane side of the projection optical 
system and having a measurement pattern formed thereon; a 
photoelectric conversion device output ting 
photoelect rical ly converted signals according to the 
intensity of illumination light through the measurement 
pattern; a measurement processing device for scanning the 
pattern forming member to scan the measurement pattern 
relative to the aerial image formed, on the image plane when 
the illumination device illuminates the measurement mark 
while measuring a light intensity distribution 
corresponding to the aerial image at each of a plurality of 
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positions of the pattern forming member in an optical axis 
direction based on the photoelectrical^ converted signals 
from the photoelectric conversion device; and calculation 
device for dividing an area surrounded by a waveform of the 
photoelectrically converted signals, obtained at respective 
positions of the pattern forming member in the optical axis 
direction as a result of measurement by the measurement 
processing device, and a scan axis of the pattern forming 
member into a first area indicating that the projection 
optical system is near a best focus position and a second 
area indicating that it is far from the best focus position 
to calculate the best focus position using an area ratio 
between the first area and the second area as an evaluation 
amount . 

[ C I. a x m 1 z j The optics i c n a r a c t e r r s t i c measuring device 
according to claim 11 wherein the measurement mark is an 
isolated line-shaped pattern consisting of at least one 
line pattern elongated in a direction orthogonal to the 
scanning direct ion . 

[Claim 13] The optical characteristic measuring device 
according to claim 11 or 12 wherein the measurement pattern 
is a slit-shaped aperture pattern having a predetermined 
width elongated in a direction orthogonal to the scanning 
direction in a two-dimensional plane perpendicular to the 
optical axis . 

[Claim 14] The optical characteristic measuring device 
according to any one of claims 11 to 13 further comprising 



signal processing circuit into which the photoelectrically 
converted signals are input from the photoelectric 
conversion device, the signal processing circuit and the 
photoelectri c c o n v e r s i o n d e v i c e c o n s t i t u t i n g a s i g n a 1 
process! n g s y s t em , where! n 

the measurement processing device comprises a signal 
sensitivity setting device for setting a signal sensitivity 
of the signal processing system, and 

upon measuring a light intensity distribution 
corresponding to the aerial image based on the 
photoelectrically converted signals, the signal sensitivity 
setting device sets the signal sensitivity of the signal 
processing system based on an integrated value of the 
photoelectrically converted signals so that the most 
effective use of the dynamic range of the signal processing 
system can be made. 

[Claim 15] The optical characteristic measuring device 
according to claim 14 wherein the signal sensitivity 
setting device sets the signal sensitivity based on a value 
obtained by dividing the integrated value of one peak of 
the photoelectrically converted signals by larger one of 
the line width of the measurement mark and the width of the 
measurement pattern , 

[Claim 16] The optical characteristic measuring device 
according to claim 14 or 15 wherein the photoelectric 
conversion device is a photomu.lt iplier tube,, and 

the signal sensitivity setting device sets the signal 



sensitivity by setting a voltage applied to the 
phot o m u 1 1 i p 1 i e r t ube . 

[Claim 17] An exposure apparatus for transferring a circuii 
pattern formed on a mask to a substrate through a 
projection optical system, comprising: 

a substrate stage for moving the substrate while 
holding it; and the optical characteristic measuring device 
according to any one of claims 11 to 16 wherein the pattern 
forming member is integrally formed with the substrate 
stage . 

[Claim 18] A device manufacturing method including a 
lithographic process in which the exposure apparatus 
according to claim 17 is used for exposure. 

[Detailed Description of the Invention] 

[0001] 

[Field of the Invention] The present invention relates to 
an optical characteristic measuring method and device,, a 
signal sensitivity setting method; an exposure apparatus, 
and a device manufacturing method. More particularly, the 
present invention relates to an optical characteristic 
measuring method for a projection optical system for 
forming a predetermined pattern of aerial image on an image 
plane and an optical characteristic measuring device for 
implementing the optical characteristic measuring method, a 
signal sensitivity setting method for a signal processing 
system used to measure the aerial image in the optical 
characteristic measuring method, an exposure apparatus 



provided with the optical characteristic measuring device , 
and a device manufacturing method using the exposure 
apparatus . 
[0002] 

[ Prior Art j Conventionally, in manufacturing semiconductor 
devices, liquid crystal display devices, or the like in a 
photolithographic process, a projection exposure apparatus 
such as, for example, a step- and™ repeat type reduction- 
projection exposure apparatus (a so-called stepper), a 
step- and- scan type scanning projection exposure apparatus 

(a so-called scanning stepper), or the like is used to 
transfer a pattern of a photomask or reticle (hereinafter 
generically referred to as "reticle") through a projection 
optical system onto a substrate, such as a wafer or a glass 
plate, the surface of which is coated with a photosensitive 
material such as a photoresist, 

[0003] When a semiconductor device or the like is 
manufactured, since many layers of different circuit 
patterns need to be formed one upon another on the 
substrate, it is important to accurately align the reticle 
having a circuit pattern written thereon with a pattern 
already formed in each shot area on the substrate. In order 
to perform the alignment accurately, it is indispensable to 
adjust optical characteristics (including imaging 
characteristics) of the projection optical system to 
achieve desired conditions. 

[0004] As a precondition to adjusting the optical 



characteristics of the projection optical system, it is 
necessary to accurately measure the optical characteristics 
As one of methods for measuring the optical characteristics 
there is a method in which a measurement mask with a 
measurement mark formed thereon is illuminated with 
illumination light to scan a rectangular or slit-shaped 
aperture pattern relative to the aerial image (projected 
image) of the measurement mark formed through the 
projection optical system without performing actual 
exposure. Then, the light that passed through the aperture 
pattern is photoelectrical ly converted to measure the 
aerial image and calculate the optical characteristics 
based on the measurement results (hereinafter referred to 
as "aerial image measuring method"). 

[0005] In the aerial image measuring method, not only 
horizontal aberration such as distortion (including 
magnification distortion) and coma aberration of the 
projection optical system but also vertical aberration such 
as the best focus position, field curvature, and spherical 
aberration can be measured. 

[0006] 

[Problem to be Solved by the Invention] In the conventional 
aerial image measuring method, when measuring the best 
focus position of the projection optical system, light 
intensity signals corresponding to the aerial image are 
Fourier transformed to use an evaluation amount based on, 
for example, the amplitude of fundamental wave components 
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such as contrast indicative of a ratio between the 
amplitude of a first-order frequency component and the 
amplitude of a zero-order frequency component. Therefore, a 
repetitive mark with a relatively narrow pitch suitable for 
detecting the fundamental waveforms is used as a 
measurement mark for the best focus position, such as, for 
example, a line-and-space mark with 1:1 duty ratio as a 
ratio between the line width and the space width. The 
measurement of the best focus position using such a line- 
and-space mark can be suitably used in manufacturing 
memo r i e s such as DRAM s . 

[0007] However, since semiconductor exposure apparatuses 
are also used in manufacturing CPUs, system LSI s , etc . as 
well as memories, new techniques capable of measuring the 
best focus position of the projection optical system by 
getting a shot at an isolated line or a repetitive mark 
with a relatively wide repetition pitch is being expected 
from those manufacturers, for example, from CPU 
manufacturers , 

[0008] This is because, although the best focus position of 
the projection optical system differs between use of a 
repetitive mark with a relatively narrow pitch and use of 
an isolated line or a repetitive mark (a quasi-isolated 
line) with a relatively wide pitch as the measurement mark, 
the latter is difficult to measure in the technique using 
the above-mentioned evaluation amount based on the 
amplitude of the fundamental wave components, 
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[0009] The present invention has been made under the above 
circumstances, and it is a first object thereof to provide 
an optical characteristic measuring method and device 
capable of accurately measuring the best focus position of 
a projection optical system regardless of the type of 
measurement mark . 

[0010] it is a second object of the present invention to 
provide a signal sensitivity setting method capable of 
accurately measuring a light intensity distribution by 
making the most effective use of the resolution of a signal 
processing system . 

[0011] It is a third object of the present invention to 
provide an exposure apparatus for achieving precise 
exposure by preventing poor exposure due to defocus. 

[0012] It is a fourth object of the present invention to 
provide a device manufacturing method capable of improving 
device productivity , 

[ (j 0 1 3 j 

[Means for Solving the Problem] An optical characteristic 
measuring method according to claim 1 is to measure the 
optical characteristics of a projection optical system (PL 
The optical characteristic measuring method comprises: a 
step of illuminating a predetermined measurement mark (PM) 
with illumination light (IL) to form an aerial image (PM') 
of the measurement mark on an image plane through the 
projection optical system; a step of scanning a measurement 
pattern (22), arranged on the image plane side of the 



projection optical system, relative to the aerial image 
while obtaining photoelect r ically converted signals 
corresponding to the intensity of illumination light 
through the measurement pattern at each of a plurality of 
positions of the measurement pattern in an optical axis 
direction; and a step of dividing an area surrounded by a 
waveform of the photoelect r ically converted signals 
obtained at respective positions of the measurement pattern 
in the optical axis direction and a scan axis of the 
measurement pattern into a first area indicating that the 
projection optical system is near the best focus position 
and a second area indicating that it is far from the best 
focus position to detect the best focus position using an 
area ratio between the first area and the second area as an 
evaluation amount . 

[0014] According to this method, the predetermined 

measurement mark is illuminated with the illumination licrht 

-j 

to form the aerial image of the measurement mark on the 
image plane through the projection optical system, and the 
measurement pattern is scanned relative to the aerial image 
while obtaining the photoelectrically converted signals 
corresponding to the intensity of illumination light 
through the measurement pattern at each of the plurality of 
positions of the measurement pattern in the optical axis 
direction. Then, the area surrounded by the waveform of the 
photoelectrically converted signals obtained at respective 
positions of the measurement pattern in the optical axis 



direction and the scan axis of the measurement pattern is 
divided into the first area indicating that the projection 
optical system is near the best focus position and the 
second area indicating that it is far from the best focus 
position to detect the best focus position using the area 
ratio between the first area and the second area as the 
evaluation amount, Therefore,, without Fourier transform or 
the like of intensity signals (photoelect r ically converted 
signals) of the aerial image, the area surrounded by the 
waveform of the photoelectrically converted signals and the 
scan axis of the measurement pattern is just divided into 
two areas by predetermined criteria so that the best focus 
position of the projection optical system can be measured 
accurately from the area ratio between the two areas 
regardless of the type of measurement mark. 

[0015] In this case, various methods of setting the first 
area and the second area are considered. For example, as ir 
the optical characteristic measuring method according to 
claim 2, when the photoelectrically converted signals are 
image intensity signals representing the intensity of the 
aerial image corresponding to respective positions of the 
measurement pattern, the first area can be set as an area 
having a predetermined width including a design best focus 
position when an area corresponding to the image intensity 
signals is divided along the position direction, and the 
second area can be set as an area remaining after being 
divided. Alternatively, as in the optical characteristic 
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measuring method according to claim 3, when the 
photoelect rically converted signals are image intensity 
signals representing the intensity of the aerial image 
corresponding to respective positions of the measurement 
pattern, the first area can be set as an area close to a 
maximum intensity side when the area corresponding to the 
image intensity signals is divided by a predetermined image 
intensity threshold along an intensity direction, and the 
second area can be set as an area remaining after being 
divided . 

[0016] As in the optical characteristic measuring method 
according to claim 4, the optical characteristic measuring 
method according to each of claims 1 to 3 can further 
comprise a step of repeating detection of the best focus 
position at a plurality of points different in distance 
from the optical axis of the projection optical system to 
detect an image plane shape of the projection optical 
system . 

[0017] In the optical characteristic measuring method 
according to each of claims 1 to 4, the measurement mark 
can be, of course, a 1 ine- and- space mark with a short 
repetition pitch or interval. Alternatively, as in the 
optical characteristic measuring method according to claim 
5, the measurement mark can also be an isolated line-shaped 
pattern consisting of at least one line pattern elongated 
in a direction orthogonal to the scanning direction. Here, 
the term "isolated line-shaped pattern." includes, in 
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addition to an isolated line pattern , a so-called quasi- 
isolated line pattern as a line-and-space mark having a 
duty ratio of 1:9 (or more) as a ratio between the line 
width and the space width. This term "isolated line-shaped 
pattern/' is used appropriately below in the same sense in 
this specification, 

[0018] In the optical characteristic measuring method 
according to each of claims claim 1 to 5, the measurement 
pattern can be a rectangular aperture pattern. 
Alternatively, for example, as in the optical 
characteristic measuring method according to claim 6, the 
m e a s u rement pattern can be a slit-shaped aperture pattern 
having a predetermined width elongated in a direction 
orthogonal to the scanning direction in a two-dimensional 
plane perpendicular to the optical axis, 

[0019] As in the optical characteristic measuring method 
according to claim 1, the optical characteristic measuring 
method according to each of claims 1 to 6 can be configured 
such that a signal processing system including a 
photoelectric conversion device outputting 
photoelectr ically converted signals according to the 
intensity of received signal light and a processing circuit 
into which the photoelectr ically converted signals are 
input from the photoelectric conversion device is used to 
acquire the photoelectr ically converted signals f and based 
on a value obtained by dividing an integrated value of one 
peak of the photoelect rically converted signals by larger 



one of the line width of the measurement mark and the width 
of the measurement pattern,, the signal sensitivity of the 
signal processing system is so set that the most effective 
use of the dynamic range of the signal processing system 
can be made. 

[0020] A signal sensitivity setting method according to 
claim 8 is to set the signal sensitivity of a signal 
processing system (50) including a photoelectric conversion 
device (24) outputting photoelect r ically converted signals 
according to the intensity of received signal light and a 
signal processing circuit (42) into which the 
photoelectr ically converted signals are input from the 
photoelectric conversion device. The signal sensitivity 
setting method comprises: a step of irradiating 
illumination light onto a second surface through a linear 
pattern having a predetermined line width elongated in a 
first direction on a first surface; a step of scanning a 
measurement pattern, having a predetermined width elongated 
in the first direction on the second surface, with respect 
to the illumination light along a second direction 
orthogonal to the first direction while receiving the 
illumination light through the measurement pattern on the 
photoelectric conversion device to convert it into 
photoelectrically converted signals according to the light 
intensity; and a step of setting the signal sensitivity of 
the signal processing system based, on an integrated value 
of the photoelectrically converted signals so that the most 



effective use of the dynamic range of the signal processing 
system can be made, 

[0021] According to this method, the illumination light is 
irradiated onto the second surface through the linear 
pattern having the predetermined line width elongated in 
the first direction on the first surface. Then, the 
measurement pattern having the predetermined width 
elongated in the first direction on the second surface is 
scanned with respect to the illumination light along the 
second direction orthogonal to the first direction while 
the illumination light through the measurement pattern is 
received on the photoelectric conversion device to convert 
it into the photoelectrical ly converted signals according 
to the intensity of received light. Then, based on the 
integrated value of the photoelect rically converted signals, 
the signal sensitivity of the signal processing system is 
so set that the most effective use of the dynamic range of 
the signal processing system can be made. Thus, since the 
signal sensitivity is so set that the most effective use of 
the dynamic range of the signal processing system can be 
made, an intensity distribution of illumination light can 
be measured at a high resolution. Here, in case of use of a 
projection optical system for projecting, onto the second 
surface, illumination light irradiated through the linear 
pattern, since the measurement pattern is scanned with 
respect to the illumination light along the second 
direction to cause the photoelectric conversion device to 
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output the photoelectrically converted signals according to 
the intensity of an aerial image of the linear pattern, the 
aerial image can be measured accurately at a high 
resolution . 

[0022] In this case, as in the signal sensitivity setting 
method according to claim 9, the signal sensitivity can be 
set in the setting step based on a value obtained by 
dividing an integrated value of a one-peak waveform of the 
photoelectrically converted signals by larger one of the 
line width of the linear pattern and the width of the 
measurement pattern. Here, the one-peak waveform of the 
photoelectrically converted signals corresponds, for 
example, to signals obtained from one linear pattern. 
[0023] As in the signal sensitivity setting method 
according to claim 10, the signal sensitivity setting 
method according to each of claims 8 and 9 can be 
configured such that the photoelectric conversion device is 
a photomultiplier tube, and the signal sensitivity is set 
by setting a voltage applied to the photomultiplier tube. 
[0024] An optical characteristic measuring device according 
to claim 11 is to measure the optical characteristics of a 
projection optical system (PL). This optical characteristic 
measuring device comprises: an illumination device (10) for 
illuminating a predetermined measurement mark (PM) to form 
an aerial image (PM') of the measurement mark on an image 
plane through the projection optical system; a pattern 
forming member (90) arranged on the image plane side of the 
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projection optical system and having a measurement pattern 
(22) formed thereon; a photoelectric conversion device (24) 
outputting phot oelect r ically converted signals according to 
the intensity of illumination light through the measurement 
pattern; a measurement processing device (20) for scanning 
the pattern forming member to scan the measurement pattern 
relative to the aerial image formed on the irr^age plane when 
the illumination device illuminates the measurement mark 
while measuring a light intensity distribution 
corresponding to the aerial image at each of a plurality of 
positions of the pattern forming member in an optical axis 
direction based on the photoelectrical ly converted signals 
from the photoelectric conversion device; and calculation 
device (20) for dividing an area surrounded by a waveform 
of the photoelectrically converted signals, obtained at 
respective positions of the pattern forming member in the 
optical axis direction as a result of measurement by the 
measurement processing device, and a scan axis of the 
pattern forming member into a first; area indicating that 
the projection optical system is near a best focus position 
and a second area indicating that it is far from the best 
focus position to calculate the best focus position using 
an area ratio between the first area and the second area as 
an evaluation amount. 

[0025] According to this device, the measurement mark is 
illuminated by the illumination device to form the aerial 
image of the measurement mark on the image plane through 
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the projection optical system. Under this condition, the 
measurement processing device scans the pattern forming 
member to scan the measurement pattern relative to the 
aerial image while measuring the light intensity 
distribution corresponding to the aerial image at each of 
the plurality of positions of the pattern forming member in 
the optical axis direction based on the photoelect r ically 
converted signals from the photoelectric conversion device. 
Then, the calculation device divides the area surrounded by 
the waveform of the photoelectr ically converted signals, 
obtained at respective positions of the pattern forming 
member in the optical axis direction as a result of 
measurement by the measurement processing device, and the 
scan axis of the pattern forming member into the first area 
indicating that the projection optical system is near the 
best focus position and the second area indicating that it 
is far from the best focus position to calculate the best 
focus position using the area ratio between the first area 
and the second area as the evaluation amount. Therefore, 
without Fourier transform or the like of intensity signals 
(photoelectrical].;/ converted signals) of the aerial image, 
the area surrounded by the waveform of the 

photoelect rically converted signals and the scan axis of 
the measurement pattern is just divided into two areas by 
predetermined criteria so that the best focus position of 
the projection optical system can be measured accurately 
from the area ratio between the two areas regardless of the 
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type of measurement mark. 

[0Q26] In this case, as in the optical characteristic 
measuring device according to claim 12, the measurement 
mark can be an isolated line-shaped pattern consisting of 
at least one line pattern elongated in a direction 
orthogonal to the scanning direction, 

[0027] As in the optical characteristic measuring device 
according to claim 13, the optical characteristic measuring 
device according to each of claims 11 and 12 can be 

— *■ 

configured such that the measurement pattern is a slit- 
shaped aperture pattern having a predetermined width 
elongated in a direction orthogonal to the scanning 
direction in a two-dimensional plane perpendicular to the 
optical axis . 

[0028] As in the optical characteristic measuring device 
according to claim 14, the optical characteristic measuring 
device accordina to each of claims 11 to 13 can further 
comprise a signal processing circuit (42) into which the 
photoelectrical ly converted signals are input from the 
photoelectric conversion device, the signal processing 
circuit and the photoelectric conversion device 
constituting a signal processing system (50), wherein the 
measurement processing device comprises a signal 
sensitivity setting device (20) for setting the signal 
sensitivity of the signal processing system, and when 
measuring a light intensity distribution corresponding to 
the aerial image based on the phot oelectr ically converted 
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signals , the signal sensitivity setting device sets the 
signal sensitivity of the signal processing system based on 
an integrated value of the photoelectr ically converted 
signals so that the most effective use of the dynamic range 
of the signal processing system can be made. 
[0029] In this case, as in the optical characteristic 
measuring device according to claim 15, the signal 
sensitivity setting device can set the signal sensitivity 
based on a value obtained by dividing the integrated value 
of one peak of the photoelectr ically converted signals by 
larger one of the line width of the measurement mark and 
the width of the measurement pattern. 

[0030] As in claim 16, the optical characteristic measuring 
device according to each of claims 14 and 15 can be 
configured such that, when the photoelectric conversion 
device is a photomultiplier tube, the signal sensitivity 
setting device sets the signal sensitivity by setting a 
voltage applied to the photomultiplier tube. 
[0031] an exposure apparatus according to claim 17 is to 
transfer a circuit pattern formed on a mask (R) onto a 
substrate (W) through a projection optical system (PL). The 
exposure apparatus comprises: a substrate stage (WST) for 
moving the substrate while holding it; and the optical 
characteristic measuring device according to any one of 
claims 11 to 16 wherein the pattern forming member (90) is 
integrally formed with the substrate stage. 
[0032] According to this structure, since the exposure 
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apparatus comprises the optical characteristic measuring 
device according to any one of claims 11 to 16 wherein the 
pattern forming member is integrally formed with the 
substrate stage, the optical characteristic measuring 
device can accurately measure the best focus position of 
the projection optical system, Then, based on the 
measurement result of the best focus position, the mask and 
the substrate can be aligned in a desired optical position 
relationship, and this can prevent poor exposure due to 
defocus and hence achieve precise exposure. 

[0033] A device manufacturing method according to claim 18 
includes a lithographic process in which the exposure 
apparatus according to claim 17 is used for exposure. 

[0034] 

[Embodiment of the Invention] A preferred embodiment of the 
present invention will now be described with reference to 
FIGS, 1 through 11. FIG. 1 illustrates the schematic 
structure of an exposure apparatus 100 according to the 
embodiment. This exposure apparatus 100 is a step -and- scan 
type scanning projection exposure apparatus, that is, a so- 
called scanning stepper, 

[0035] This exposure apparatus 100 is equipped with an 
illumination system 10 as an illumination device including 
a light source and an illumination optical system, a 
reticle stage RST for holding a reticle R as a mask, a 
projection optical system PL, a wafer stage WST for holding 
a wafer W as a substrate movably in an XY plane, a control 
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system for controlling these components, etc, 

[0036] The illumination system 10 includes (though not 

shown in FIG, 1) the light source, an illumination 

unif ormizing optical system (consisting of a collimator 

lens, a fly-eye lens, etc.), a relay lens system, a reticle 

blind as an illumination field stop, a condenser lens 

system, e 

[0037] Here, it is assumed that an excimer laser light 
source outputting KrF excimer laser light (248 nm 
wavelength) or ArF excimer laser light (193 nm wavelength) 
is used as an example of the light source. 
[0038] The reticle blind is composed of a fixed reticle 
blind with a fixed aperture shape, not shown, and a movable 
reticle blind 12 with a variable aperture shape (not shown 
in FIG. 1, see FIG. 2) . The fixed reticle blind is placed 
on a plane slightly out of focus from a pattern plane of 
the reticle R or its conjugate plane, and a rectangular 
aperture is formed in the fixed reticle blind to define a 
rectangular slit-shaped illumination area IAR on the 
reticle R (which is elongated in an X-axis direction 
corresponding to a direction orthogonal to the paper 
surface of FIG, 1 and has a predetermined width in an Y- 
axis direction corresponding to a lateral, direction in the 
paper surface of FIG. 1) . On the other hand, the movable 
reticle blind 12 is placed on a conjugate plane with the 
pattern plane of the reticle R and has an aperture varying 
in directional position and width in both a scanning 
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direction (which is assumed here to be the Y-axis 
direction) upon scanning exposure and a non-scanning 
direction (which is assumed to be the X-axis direction) , 
respectively. Note that the movable reticle blind 12 is 
illustrated to be placed near the illumination system side 
with respect to the reticle R for the sake of simplicity. 
[0039] In the illumination system 10, illumination light 
generated by the light source as exposure light 
(hereinafter referred to as "illumination light IL") passes 
through a shutter, not shown, and is converted by the 
illumination uniformizing optical system to a flux of light 
having a substantially u n. i ju o _L m i llumination distribution. 
The illumination light IL shot from the illumination 
uniformizing optical system reaches the reticle blind 
through the relay lens system. The flux of light that 
passed through the reticle blind passes through the relay 
lens system and the condenser lens system to uniformly 
illuminate the illumination area IAR of the reticle R in 
which a circuit pattern or the like is written. 
[004 0] The movable reticle blind 12 is controlled by a main 
controller 20 at the beginning and end of scanning exposure 
to further limit the illumination area IAR in order to 
prevent exposure to unnecessary areas. In the embodiment, 
the movable reticle blind 12 is also used to set. an 
illumination area upon measurement of an aerial image with 
an aerial image measuring device to be described later. 
[0041] The reticle R is held on the reticle stage RST, for 
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example, by vacuum suction (or electrostatic suction) . Here 
the reticle stage RST can be not only finely driven by a 
reticle stage driving system including a linear motor or 
the like, not shown, two-dimensional ly in an XY plane 
orthogonal to the optical axis AX of the projection optical 
system PL (in the X-axis direction, Y-axis direction, and a 
rotation direction about a Z axis (Gz direction) orthogonal 
to the XY plane) to be described later, but also moved in 
the Y-axis direction on a reticlebase, not shown, at a 
specified scanning speed. This reticle stage RST has a 
moving stroke in the Y-axis direction long enough to make 
it possible to move the whole area of the reticle R across 
at least the optical axis AX of the projection optical 
system PL. 

[0042] A moving mirror 15 reflecting a laser beam from a 
reticle laser interferometer (hereinafter referred to as 
"reticle interferometer") 13 is fixed on the reticle stage 
RST so that the reticle interferometer 13 will detect on a 
steady basis the position of the reticle stage RST 

(including the 9z direction as the rotation direction about 
the X axis) in the XY plane at a resolution of, for example 
about 0.5 to 1 nm. In practice, although a moving mirror 
having a reflecting surface orthogonal to the scanning 
direction (Y-axis direction) upon scanning exposure and a 
moving mirror having a reflecting surface orthogonal to the 
non-scanning direction (X-axis direction) are provided on 
the reticle stage RST, and reticle interferometers 13 are 
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provided for at least two axes in the Y-axis direction and 
at least one axis in the X-axis direction, these are 
represented by the moving mirror 15 and the reticle 
interferometer 13 in FIG, 1. 

[0043] Position information of the reticle stage RST from 
the reticle interferometer 13 is sent to the main 
controller 20 composed of a workstation (or microcomputer). 
The main controller 20 controls driving of the reticle 
stage RST through the reticle stage driving system based on 
the position information of the reticle stage RST. 
[0044] The projection optical system PL is arranged below 
the reticle stage RST in FIG. 1 in which the direction of 
its optical axis AX is set to the Z-axis direction. Here, a 
both-side telocentric reduction optical system is used, 
which is a dioptric or refracting optical system consisting 
of a plurality of lens elements arranged at predetermined 
intervals along the direction of the optical axis AX. Here, 
as an example, this projection optical system PL has a 
projection magnification of 1/5- Therefore, when the slit- 
shaped illumination area IAR on the reticle R is 
illuminated with the illumination light IL from the 
illumination system 10, the illumination light IL passes 
through the reticle R and the projection optical system PL 
so that a reduced image (partially inverted image) of the 
circuit pattern in the slit-shaped illumination area IAR of 
the reticle R will be formed in an exposure area IA, 
conjugate with the illumination area IAR, on a wafer W the 
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surface of which is coated with a photoresist. 
[0045] The wafer stage WST is driven by a wafer stage 
driving system, not shown, composed, for example, of 
magnetic levitation type two-dimensional linear actuators, 
so that it can move freely within the two-dimensional XY 
plane (including the Qz rotation). Here, since the two- 
dimensional linear actuators have a Z driving coil as well 
as an X driving coil and a Y driving coil, the wafer stage 
WST is configured to have three degrees of freedom to make 
small movements in the Z, Gx (rotation direction about the 
X axis), and 9y (rotation direction about the Y axis) 
d i r v3 c . L- r \.j i~i s * 

[0046] A wafer holder 25 is mounted on the wafer stage WST 
to hold the wafer W by vacuum suction (or electrostatic 
suction ) . 

[0047] If a two-dimensional moving stage driven within the 
two-dimensional plane alone by a driving system such as a 
linear motor or a planar motor is used instead of the wafer 
stage WST, the wafer holder 25 has only to be mounted on 
the two-dimensional stage through a Z leveling table 
minutely driven by, for example, a voice coil motor or the 
like, in the directions Z, 9x, and 8y with the three 
degrees of freedom. 

[004 8] A moving mirror 27 reflecting a laser beam from a 
wafer laser interferometer (hereinafter referred to as 
"wafer interferometer") 31 is fixed on the "wafer staae WST, 
so that the position of wafer stage WST in directions with 
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the five degrees of freedom except in the Z direction of 
the wafer stage WST (that is, in the X, Y, 9z, 9x, and 9z 
directions} is detected on a steady basis by the wafer 
interferometer 31 arranged outside of the wafer stage "WST 
at a resolution of, for example, about 0.5 to 1 nm . 

[0049] In practice, although a moving mirror having a 
reflecting surface orthogonal to the Y-axis direction as 
the scanning direction upon scanning exposure and a moving 
mirror having a reflecting surface orthogonal to the X-axis 
direction as the non-scanning direction are provided on the 
wafer stage WST, and plural wafer interferometers 31 are 
provided in the Y-axis and X-axis directions, respectively, 
these are represented by the moving mirror 27 and the wafer 
interferometer 31 in FIG. 1. Position information (or speed 
information) of the wafer stage WST is sent to the main 
controller 20. The main controller 20 controls the position 
of the wafer stage WST within the XY plane through the 
wafer stage driving system, not shown, based on the 
position information (or speed information) . 

[0050] Further, part of an optical system constituting an 
aerial image measuring device used in measuring the optical 
characteristics of the projection optical system PL is 
arranged inside the wafer stage WST, The following 
describes the structure of an aerial image measuring device 
59 in detail. As shown in FIG. 2, this aerial image 
measuring device 59 includes stage-side components provided 
in the wafer stage WST, that is, a slit plate 90 as a 
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pattern forming member, a relay optical system consisting 
of lenses 84 and 86, a mirror 88 for bending the optical 
path, and a light-sending lens 87. The aerial image 
measuring device 59 also includes external components 
arranged outside of the wafer stage WST, that is, a mirror 
M, a light -receiving lens 89, an optical sensor 24 as a 
photoelectric conversion device, and a signal processing 
circuit 4 2 for photoeiectrically converted signals from the 
optical sensor 2 4 . 

[0051] To be more specific, as shown in FIG. 2, the slit 
plate 90 is fitted in a protruding portion 58a, open at the 
top and provided at one end on the upper surface of the 
wafer stage WST, so that it will plug the opening. This 
slit plate 90 is formed by patterning a slit-shaped 
aperture pattern (hereinafter referred to as "slit") 22 
with a predetermined width (2D) as a measurement pattern in 
a oortion of a reflection film 83. The reflection film 
serving also as a light shielding film is formed on the 
upper surface of a light-receiving glass 82 having a 
rectangular shape in a plan view. 

[0052] Here, as the material of the light-receiving glass 
82, a synthetic quartz or fluorite material having an good 
t ransmittance to KrF or ArF excimer laser light is used. 
[0053] The relay optical system (84, 86) consisting of the 
lenses 84 and 86 is arranged inside the wafer stage WST 
below the slit 22 through the mirror 88 for horizontally 
bending the optical path of the illumination flux of light 



(image flux) incident vertically downward through the slit 
22, The light-sending lens 87 for sending the flux of 
illumination light, which is relayed by a predetermined 
optical path length through the relay optical system (84, 
86), to the outside of the wafer stage WST is fixed on a 
side wall on the +Y side of the wafer stage WST located 
behind the optical path of the relay optical system (84, 
86) . 

[0054] A mirror M having a predetermined length in the X- 
axis direction is provided at an inclination angle of 45 
degrees in the optical path of the illumination light flux 
sent by the light -sending lens 87 to the outside of the 
wafer stage WST. This mirror M is to bend the optical path 
of the illumination light flux sent to the outside of the 
wafer stage WST at an angle of 90 degrees upward in the 
vertical direction. A light-receiving lens 89 larger in 
diameter than the light-sending lens 87 is arranged in the 
optical path of the bent light flux. The optical sensor 24 
is placed above the light-receiving lens 89. The light- 
receiving lens 89 and the optical sensor 24 are housed in a 
case 92 with keeping a predetermined position relationship 
between them. The case 92 is fixed near the upper end of a 
column support 94, implanted in and. extending form the 
upper surface of a base 16, through a mounting member 93. 
[0055] As the optical sensor 24, a photoelectric conversio 
device (light-receiving device) capable of accurately 
detecting a faint light, such as, for example, a 
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photomult ipl ier tube is used. The signal processing circuit 
42 for output, signals from the optical sensor 24 includes 
an amplifier, a sample holder, an A/D converter (typically 
having a resolution of 16 bits), etc. (see FIG, 8 ) . In the 
embodiment, signal sensitivity (detection sensitivity) is 
set by setting an applied voltage between the negative and 
positive electrodes of the optical sensor 24. The details 
wi 1 1 be d e s c r i bed 1 a t e r . 

[0056] As described, above, although the slit 22 is formed 
in the reflection film 83, the following describes the slit 
22 as being formed in the slit plate 90 for convenience. 
[0057] According to the aerial image measuring device 59 
configured as mentioned above, upon measuring a projected 
image (aerial image) of the measurement mark formed on the 
reticle R through the projection optical system PL in a 
manner as described later, when the slit plate 90 
constituting part of the aerial image measuring device 59 
is illuminated with the illumination light IL that passed 
through the projection optical system PL, the illumination 
light IL that passed through the slit 22 on the slit plate 
90 is guided to the outside of the wafer stage WST through 
the lens 84, the mirror 88, the lens 86, and the light- 
sending lens 87. Then, the optical path of the light guided 
to the outside of the wafer stage WST is bent by the mirror 
M upward in the vertical direction, and received by the 
optical sensor 24 through the light-receiving lens 8 9 so 
that photoelectrical ly converted signals (light intensity 
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signals) P corresponding to the amount of received light 
are output from the optical sensor 24 to the main 
controller 20 through the signal processing circuit 42. 
[0058] In the embodiment, the projected image (aerial 
image) of the measurement mark is measured in a slit-scan 
manner, Upon this measurement, the light-sending lens 87 
moves relative to the 1 ight -receiving lens 8 9 and the 
optical sensor 24. Therefore, in the aerial image measuring 
de v mirror M are so 

set that all the light from the light -sending lens 87 
moving within a predetermined range will be incident on the 
light -receiving lens 89. 

[0059] Thus, in the aerial image measuring device 59, the 
slit plate 90, the lenses 84, 86, the mirror 88, and the 
light -sending lens 8 7 constitute a light leading section 
for leading light through the slit 22 to the outside of the 
wafer stage WST . On the other hand, the light-receiving 
lens 89 and the optical sensor 24 constitute a light 
receiving section for receiving the light led to the 
outside of the wafer stage WST. In this case, the light 
leading section and the light receiving section are 
mechanically separate from each other. Then, only upon 
measurement of the aerial image, the light leading section 
and the light receiving section are optically connected 
through the mirror M . 

[0060] In other words, in the aerial image measuring device 
59, since the optical sensor 24 is provided in a 
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predetermined position outside of the wafer stage WST, the 
measurement accuracy or the like of the laser 
interferometer 31 is not adversely affected bv heat from 
the optical sensor 24. Further, the inside and outside of 
the wafer stage WST are not connected through a light guide 
or the like,, the driving accuracy of the wafer stage WST is 
also not adversely affected unlike in the case where the 
inside and outside of the wafer stage WST are connected 
through a light guide. 

[0061] Of course, if the influence of heat can be avoided, 
the optical sensor 24 may be provided inside the wafer 
stage WST. The shape, size, etc. of the slit 22 on the slit 
plate 90 constituting part of the aerial image measuring 
device 59, the aerial image measuring method using the 
aerial image measuring device 59, and the optical 
characteristic measuring method will be described in detail 
later . 

[0062] Returning to FIG. 1, an off-axis alignment system 
ALG as a mark detection system for detecting an alignment 
mark on the wafer W is provided on one side of the 
projection optical system PL. In the embodiment, an image 
processing type alignment sensor, which is so-called an FIA 

(Field Image Alignment) system, is used as the alignment 
system ALG, As shown in FIG. 2, this alignment system ALG 
includes an alignment light source 32, a half mirror 34, a 
first objective lens 36, a second objective lens 38, an 
image pickup device (CCD) 40, etc. Here, as the light 



source 32, a halogen lamp or the like for irradiating 
broadband illumination light is used. As shown in FIG. 3, 
in this alignment system ALG, an alignment mark Mw on the 
wafer W is illuminated with illumination light from the 
light source 32 through the half mirror 34 and the first 
objective lens 36. On the other hand, the reflected light 
from the alignment mark portion is received on the image 
pickup device 40 through the first objective lens 36, the 
half mirror 34, and the second objective lens 38 . Thus, a 
bright field image of the alignment mark Mw is formed on 
the light-receiving surface of the image pickup device. 
Then, photoelectr ically converted signals corresponding to 
the bright field image, that is, light intensity signals 
corresponding to the reflected image of the alignment mark 
Mw are supplied from the image pickup device 4 0 to the main 
controller 20. Based on the light intensity signals, the 
main controller 20 calculates the position of the alignment 
mark Mw based on the detection center of the alignment 
microscope ALG - Further, based on the calculation result 
and position information of the wafer stage WST as the 
output of the wafer interferometer 31 at that time, the 
main controller 20 calculates the coordinate position of 
the alignment mark Mw in a stage coordinate system defined 
by the optical axis of the wafer interferometer 31. 
[0063] Further, as shown in FIG. 1, the exposure apparatus 
100 of the embodiment has a light source turned on and off 
under the control of the main controller 20, and an oblique 



incidence type multipoint focal position detecting device 
(focus sensor) is provided. The oblique incidence type 
multipoint focal position detecting device consists of an 
irradiation system 60a irradiating an imaging light flux 
for forming a number of pinhole images or a slit image 
obliquely with respect to the optical axis AX toward the 
imaging surface of the projection optical system PL, and a 
light-receiving system 60b receiving the imaging light flux 
reflected by the surface of the wafer W. When the focus of 
the projection optical system PL changes, the main 
controller 20 controls the inclination of the reflected 
light flux from a plane-parallel plate,, not shown, inside 
the light-receiving system 60b with respect to the optical 
axis to give an offset to the multipoint focal position 
detecting device (60a, 60b) according to the change in the 
focus of the projection optical system PL, thus performing 
calibration. The details of a multipoint focal position 
detecting device (focus sensor) having a structure similar 
to the focal position detection system (60a, 60b) of the 
embodiment are disclosed, for example, in Japanese Patent 
Laid-Open No. 06-283403. 

[0064] Upon scanning exposure or the like to be described 
later, the main controller 2,0 controls not only the 
movement of the wafer stage WST in the Z-axis direction 
through the wafer stage driving system, not shown, but also 
inclination at two-dimensional points (that is, rotation in 
the 9x and 6y directions) based on an out-of -focus signal 



(defocus signal), for example, an S-curve signal, from the 
light-receiving system 60b so that the defocus will be zero 
In other words, the movement of the wafer stage WST is 
controlled using the multipoint focal position detecting 
device (60a, 60b) to perform auto-focusing and auto- 
leveling for the purpose of virtually aligning the imaging 
plane of the projection optical system PL with the surface 
of the wafer W within the illumination area (in the 
relation between the illumination area IAR and the imaging 
surface) of the illumination light IL . 

[0065] Next, the operation of the exposure apparatus 100 
according to the embodiment in the exposure process will be 
described in brief. 

[0066] First, the reticle R is transported by a reticle 
transport system, not shown, and held under suction on the 
reticle stage RST at a loading position. Next, the main 
controller 20 controls the position of the wafer stage WST 
and the position of the reticle stage RST to measure a 
projected image (aerial image) of a reticle alignment, mark, 
not shown, formed on the reticle R using the aerial image 
measuring device 59 in a manner as described later (see FIG 
2} so as to determine the projected position of the reticle 
pattern image. In other words, reticle alignment is carried 
out . 

[0067] Next, the main controller 20 moves the wafer stage 
WST so that the aerial image measuring device 59 will come 
directly below the alignment system ALG, and under this 



- 39 - 



condition, the alignment system ALG detects the slit 22 on 
which the position of the aerial image measuring device 59 
is based, The main controller 20 determines the relative 
position between the projected position of the pattern 
image of the reticle R and the alignment system ALG, that 
is, the baseline amount of the alignment system ALG, based 
on the detection signal from the alignment system ALG, the 
measured value from the wafer interferometer 31 at that 
time, and the projected position of the reticle pattern 
image previously determined. 

[0068] Upon completion of the baseline measurement, the 
main controller 2 0 performs wafer alignment such as EGA 

(Enhanced Global Alignment) disclosed in detail, for 
example, in Japanese Patent Laid-Open No. 61-44429 to 
determine the positions of all shot areas on the wafer W. 
Note that, upon this wafer alignment, a wafer alignment 
mark New for a predetermined sample shot selected from the 
plural shot areas on the wafer W is measured using the 
alignment system ALG in the manner mentioned above (see F 
2) . 

[0069] Next, the main controller 20 monitors position 
information from the interferometers 31, 13 based on the 
position information on each shot area on the wafer W 
determined as mentioned above, and the baseline amount, 
while it locate the wafer stage WST at the scanning start 
position of a first shot area and the reticle stage RST at 
its scanning start position to perform scanning exposure i 
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the first shot area* 

[0070] In other words,, the main controller 20 starts 
relative scanning movement between the reticle stage RST 
and the wafer stage WST in a direction opposite to the Y- 
axis direction. Then, when both stages RST and WST reach a 
target scanning speed, respectively, illumination of the 
pattern area of the reticle R with exposure light EL is 
started, starting scanning exposure. Prior to the start of 
this scanning exposure, although the emission of the light 
source has already been started, since the main controller 
20 controls the movement of each blade of the movable blind 
that forms part of the reticle blind in synchronization 
with the movement of the reticle stage RST, the irradiation 
of the exposure light EL to areas other than the pattern 
area on the reticle R is blocked in the same manner as in 
the conventional scanning stepper, 

[0071] The main controller 20 controls the reticle stage 
RST and the wafer stage WST in synchronization with each 
other. Therefore f especially upon the above scanning 
exposure, a moving speed Vr of the reticle stage RST in the 
Y-axis direction and a moving speed Vw of the wafer stage 
WST in the X-axis direction are maintained in a speed ratio 
corresponding to the projection magnification of the 
projection optical system PL. 

[0072] Then, different portions in the pattern area of the 
reticle R are sequentially illuminated with ultraviolet 
pulsed light to complete the illumination of the whole 



pattern area, thus completing the scanning exposure to the 
first shot area on the wafer W. As a result, the circuit 
pattern of the reticle R is reduced and transferred to the 
first shot area through the projection optical system PL, 
[0073] After the completion of the scanning exposure to the 
first shot area, a stepping operation is performed to move 
the wafer stage WST to the scanning start position of a 
second shot area. Then, scanning exposure to the second 
shot area is performed in the same manner as mentioned 
above. After that, third and further shot areas are 
scanning-exposed in the same manner. 

[0074] Thus, the stepping operation between shots and the 
scanning exposure operation are repeated in a step-and-scan 
manner to transfer the pattern of the reticle R to all the 
shot areas on the wafer W. 

[007 5] During the scanning exposure, the above-mentioned 
auto-focusing and auto-leveling are performed using the 
focus sensor (60a, 60b) integrally mounted with the 
projection optical system PL. 

[0076] In order to align a pattern of the reticle R 
accurately with patterns already formed in previous shot 
areas on the wafer W during the scanning exposure, it is 
important to accurately measure the optical characteristics 
or baseline amount of the projection optical system PL and 
to adjust the optical characteristics of the projection 
optical system PL to desired conditions, 

[0077] In the embodiment, the aerial image measuring device 
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59 is used to measure the imaging characteristics. The 
following describes in details the aerial image measurement 
using this aerial image measuring device 59, the optical 
characteristics measurement of the projection optical 
system PL, etc. 

[0078] FiG « 2 illustrates a state during using the aerial 
image measuring device 59 to measure an aerial image of a 
measurement mark formed on a reticle R. As the reticle R, a 
reticle designed specifically for measuring an aerial image, 
or a device reticle for manufacturing a kind of devices 
with a measurement mark formed on it is used. Instead of 
these reticles, a fixed mark plate (also called a reticle 
fiducial mark plate) made of the same glass material as the 
reticle may be provided on the reticle stage RST so that 
measurement mark formed on the mark plate will be used. 

[0079] As shown in FIG. 2, it is assumed that a measurement 
mark PM consisting of a line-and-space mark is formed in a 
predetermined portion of the reticle R to have a 
periodicity in the Y-axis direction. It is also assumed 
that the slit 22 elongated in the X-axis direction and 
having a predetermined width 2D as shown in FIG, 4(A) is 
formed in the slit plate 90 of the aerial image measuring 
device 59. Here, the predetermined width 2D is set to about 
a half-pitch of a line-and-space pattern with 1:1 duty 
ratio corresponding to the resolution lim.it, for example, 
2D=0.2 urn. The term 'Mine and space" is abbreviated 
appropriately as "L/S" below. 



[0080] In measuring an aerial image, the main controller 20 
drives the movable reticle blind 12 through a blind driving 
device, not shown, to limit the illumination area of the 
reticle R with the illumination light IL to the area of the 
measurement mark PM alone (see FIG. 2) . Under this 
condition, when the reticle R is illuminated with the 
illumination light IL, the light (illumination light IL) 
diffracted and scattered by the measurement mark PM as 
shown in FIG. 2 is refracted through the projection optical 
system PL to form an aerial image (projected image) PM' of 
the measurement mark PM on the mage plane of the projection 
optical system PL. It is assumed that the wafer stage WST 
is placed in a position where the aerial image PM' will be 
formed on the +Y side (or -Y side) of the slit 22 on the 
slit plate 90 of the aerial image measuring device 59. FIG. 
4(A) illustrates a plan view of the slit plate 90 of the 
aerial image measuring device 59 at that time. 
[0081] Then, when the main controller 20 drives the wafer 
stage WST in the +Y direction indicated by arrow F in FIG . 
4 (A) through the wafer stage driving system, the slit 22 is 
scanned relative to the aerial image PM" along the Y-axis 
direction. During this scanning, the light (illumination 
light IL) passing through the slit 22 is received by the 
optical sensor 24 through the light leading section and the 
light-receiving lens 89 within the wafer stage WST, and the 
photoelectr ically converted signals are supplied to the 
main controller 20 through the signal processing circuit 42 
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The main controller 20 measures a light intensity 
distribution corresponding to the aerial image PM' based on 
the photoelectrically converted signals, 
[0082] FIG. 4(B) illustrates an example of 
photoelectrically converted signals (light intensity 
signals) P obtained, during the aerial image measurement. 
[0083] In this case, the aerial image PM' is equalized 
under the influence of the width (2D) of the slit 22 in the 
scanning direction (Y-axis direction) . 

[0084 ] Therefore,, if the slit is p (y ) , the intensity 
distribution of the aerial image is i(y), and the observed 
light intensity signal is m(y), the relationship between 
the intensity distribution i(y) of the aerial image and the 
observed, intensity signal m(y) can be represented by the 
following equation (1), where the intensity distribution 
i(y) and the intensity signal m(y) represent intensity per- 
unit length : 
[0085] 

[Equation 1] 



[0087] In other words, the observed intensity signal m(y) 
is a convolution of the slit p(y) and the intensity 
distribution i(y) of the aerial image. 




-(1) 



[0086] 



[Equation 2] 




jI(|yj<D) 
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[0088] Therefore,, it can be said that the smaller the slit 
width 2D, the more the measurement accuracy. In case of us 
of a PMT as the optical sensor 2A like in the embodiment, 
the light amount (light intensity) can be detected by 
slowing down the scanning speed to take time for 
measurement even if the slit width is very small. However, 
in practice, since the scanning speed upon aerial image 
measurement has a limitation from the aspect of throughput, 
if the slit width 2D is too small, the amount of light 
passing through the slit 22 becomes too low, making the 
measurement difficult , 

[0089] The present inventors found from their simulations 
and experiments that the optimum value of the slit width 2D 
was about half of the resolution limit pitch (L/S pattern 
pitch with 1:1 duty ratio) of the exposure apparatus. 
Therefore, the slit width 2D is set to such a value in the 

^ XT\ JO C-^ d .1 TX\ i~ i « 

[0090] The above-mentioned aerial image measuring device 5 
and the aerial image measuring method using the same are 
used for the following purposes: a. Detection of Best Focu 
Position; b. Detection of Imaging Position of Pattern Image 
in XY Plane; c . Baseline Measurement of Alignment System 
ALG; etc, 

[0091] Among them, c. Baseline Measurement in the exposure 
apparatus 100 of the embodiment has already been described. 
As for b . Detection of Imaging Position of Pattern Image in 
XY Plane, the measurement method does not need to change 



between a repetitive pattern with a relatively narrow pitch 
and an isolated line or a repetitive pattern with a 
relatively wide pitch. Further, since this purpose has less 
connection with the present invention, the following 
describes about a. Detection of Best Focus Position. 
[0092] This detection of the best focus position is used 
for the purpose of, for example, detecting the best focus 
position of the projection optical system PL or detecting 
the optimum imaging surface (image plane). 

[0093] In the embodiment, the best focus position of the 
projection optical system PL is detected as an example as 
follows : 

[0094] In detecting the best focus position, for example, a 
reticle R on which an L/S mark having a line width of 0.15 
pm on the wafer (0.75 ym on the reticle) is formed as the 
measurement mark PM at a pitch of 1-5 ym (1:9 duty ratio 
1:9) is used . 

[0095] First, the reticle R is loaded on the reticle stage 
RST by a reticle loader, not shown. Next, the main 
controller 20 moves the reticle stage RST to locate the 
measurement mark PM on the reticle R at a certain point (on 
the optical axis of the projection optical system PL in 
this example) so as to measure the best focus position 
within the field of view of the projection optical system 
PL. 

[0096] Next, the main controller 20 controls driving of the 
movable reticle blind 12 to define the illumination area so 
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that only the measurement mark PM will be illuminated with 
the illumination light IL . Under this condition, the main 
controller 20 irradiates the illumination light IL to the 
reticle R to measure an aerial image of the measurement 
mark PiM using the aerial image measuring device 59 in the 
same slit-scan manner as mentioned above while scanning the 
wafer stage WST in the Y-axis direction. During this 
detection, the main controller 20 repeats measurements 
plural times while changing the position of the slit plate 
90 in the Z-axis direction (that is, the Z position of the 
wafer stage WST) at a pitch of, for example, 0.1 urn in 15 
steps, and stores a light intensity signal 

(photoeiectrically converted signal) obtained at each time 
step in its internal memory. The range of steps is 
determined, for example, by setting a design best focus 
position almost at the center of the step range. 
[0097] Here, in the above-mentioned aerial image 
measurements, when the slit plate 90 is scanned at a first 
Z position to capture a light intensity signal 
corresponding to the aerial image of the measurement mark 
PM, detection sensitivity is set (calibrated) in such a 
manner to make the most effective use of the dynamic range 
of the signal processing circuit 42 provided downstream of 
the optical sensor 24. This point will be described later. 
[0098] In this case, for example, if the measurement mark 
is an L/S mark (L/S pattern) with 1:1 duty ratio, each of 
the light intensity signals is subjected to Fourier 



transform, respectively, to determine contrast as a 
amplitude ratio between a first-order frequency component 
and a zero-order frequency component, respectively* Since 
this contrast varies sensitively depending on the focus 
position, it is convenient to decide on the best focus 
position from the intensity signal. However, in case of use 
of a measurement mark PM consisting of an L/S pattern (a 
quasi-isolated line) with 1:9 duty ratio, since the 
repetition pitch is large, degrading the accuracy of focus 
detection using the first-order frequency component. This 
is because the DOF of such a dull pattern is large. However, 
since the amplitude of higher-order frequency components 
are not sufficiently large, accuracy is also degraded even 
if focus detection is performed using only higher-order 
frequency components . 

[0099] Therefore, in the embodiment, the main controller 20 
calculates the best focus position by the following first 
and second methods based on a plurality of light intensity 
signals (photoelectrical 1 y converted signals) obtained in 
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[0100] a. First Method, In the first method, an area 
corresponding to the light intensity signals corresponding 
to an aerial image of an isolated line (or one line in a 
quasi-isolated line pattern) is divided into a central area 
(first area) with a deign line width having an imaging 
position (central position) at the center in the XY plane 
of a design pattern and both-side peripheral areas (second 
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area) to determine the best focus position using an area 
ratio between both areas as an evaluation amount. The 
detection principle of the first method will be described 
below based on FIGS , 5 and 6. 

i_ kj 1 0 1 j x n ti I * -D ( c\ ) , t n e i n l- e n s i t y o j_ slit l, r cj n s m u_ 1 1 e d 
light in the best focus condition obtained from a 
simulation using a measurement mark having the same size as 
the above-mentioned measurement mark PM and the slit width 
set as mentioned above is indicated by taking the Y 
position of the slit 22 (or the Y position of the wafer 
stage WST) on the abscissa. In FIG. 5(B), the intensity of 
slit transmitted light in a 1-pm defocus condition is 
indicated by taking the Y position of the slit 22 (or the Y 
position of the wafer stage WST } on the abscissa, 
[0102] In FIG, 5(A), if an area ratio between the surface 
area A=Ai of a design line width area having the imaging 
position (central position) at the center in a design XY 
plane of one line pattern of the measurement mark PM 
surrounded by light intensity signal Pi and the abscissa, 
and the surface area B=Bi (=bi+b2) of the both-side areas is 
OH, ax is represented by the following equation (3): 
ax=Ai/Bi ( 3) 

[0103] On the other hand, in FIG. 5(B), if an are a ratio 
between the surface area A r -----A 2 of a design line width area 
having the imaging position (central position) at the 
center in a design XY plane of one line pattern of the 
measurement mark PM surrounded by light intensity signal P 2 
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and the abscissa, and the surface area 8^B 2 (=b3+b4 ) of the 
both-side areas is a 2 , a 2 is represented by the following 
equat ion ( 4 ) : 
a 2 =A 2 /B 2 (4) 

[0104] It is apparent from a comparison between FIG. 5(A) 
and FIG . 5(B) that ai>a 2 - 

[0105] Therefore, if an area ratio a represented by the 
following equation (5) is used as the evaluation amount, 
the best focus position can be detected accurately: 
Area Ratio a=A/B (5) 

[01061 Various methods of detecting the best focus position 
using the above-mentioned area ratio a as the evaluation 
amount can be considered. As an example, as shown in FIG, 6, 
the area ratio a calculated based on light intensity 
signals each obtained at each position (Z position) of the 
slit plate 90 in the optical axis direction is plotted in 
an orthogonal coordinate system in which the Z position is 
taken on the abscissa (see "x" marks in FIG. 6) . These 
plotted points are joined by curve approximation (curve 
fitting) . For example, about a fourth-order approximate 
curve is determined by a least-squares method- Then, the 
approximate curve is sliced at an appropriate threshold 
level (slice level) SL, and intersecting points J and K 
between the slice level SL and the approximate curve are 
determined. Then, an intersection point G between the 
approximate curve and a vertical axis (axis of the 
evaluation amount a) passing through a midpoint O between 
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these intersecting points J and K (a point at a. distance of 
L/2 from the points J and K, respectively) is considered as 
a peak point of the approximate curve to determine the 
coordinate value Z 0 on the abscissa corresponding to the 
peak point G as the best focus position. 

[0107] As discussed above, in measuring the best focus 
position, the Z position is changed typically at a pitch of 
about 0.1 jjm in about 15 steps to measure the aerial image 
in a slit-scan manner. In this case, it is important to 
determine the peak position from information obtained at as 
many measuring points (Z positions) as possible in order to 
ensure proper measurement repeatability. FIG. 6 illustrates 
an example in which the best focus position is determined 
from area ratios a at 13 points. 

[0108] b. Second Method. In the second method, an area 
corresponding to light intensity signals corresponding to 
an aerial image of an isolated line (or one line in a 
quasi-isolated line pattern) is divided by a predetermined 
threshold level into two parts to determine the best focus 
position using an area ratio between an upper area (first 
area) and a lower area (second area) of the threshold level 
as an evaluation amount. The detection principle of the 
second method will be described below based on FIGS. 7(A) 
and 7(B). 

[0109] In FIGS. 7(A) and 7(B), the intensity of slit 
transmitted light obtained from the same simulations as 
those in FIGS, 5(A) and 5(B), respectively, is indicated by 
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taking the Y position of the slit 22 (or the Y position of 
the wafer staqe W3T ) on the abscissa. 

[0110] In. FIG. 1(A), if an area ratio between the surface 
area C-Ci of the upper area and the surface area E=E-i of the 
lower area, into which the area surrounded by light 
intensity signal Pi and the abscissa is divided by a 
predetermined slice level (threshold level) SI/ , is yi/ y 1 
is represented by the following equation (6) : 



[0111] Here, fox" example, light intensity at a peak point 
in the best focus condition is predetermined through 
experiments and the like to set the slice level Si/ to 
about 50% of the peak value, 

[0112] On the other hand, in FIG . 7(B), the surface area of 
the upper area of the predetermined slice level (threshold 
level) SI/ by which the area surrounded by light intensity 
signal P 4 and the abscissa is divided is C=0 , If the area, 
ratio between the area surface of the upper area and the 
area surface E^Eo of the lower area of the slice level 
(threshold level) SI/ is y 2f Y2 Is represented by the 
following equation (7) : 



In this case, it is apparent that yi>Y2. 

[0113] Therefore, if an area ratio y represented by the 
following equation (8) is used as the evaluation amount, 
the best focus position can be detected accurately: 



Yi=Ci/Ei 



(6) 




t 7 \ 
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Area Ratio y =C/E 



(3) 
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[0114] Also in this case, the method of determining the 
best focus position using the area ratio y as "the 
evaluation amount can be employed intact, To be more 
specific, the area ratio y calculated based on light 
intensity signals each obtained at each position (Z 
position) of the slit plate 90 in the optical axis 
direction is plotted in the manner as described above in an 
orthogonal coordinate system in which the Z position is 
taken on the abscissa. Then, these plotted points are 
joined by curve approximation to determine a peak point of 
the approximate curve based on the above-mentioned slice 
midpoint method so as to determine a coordinate value on 
the abscissa corresponding to the peak point as the best 
focus position, 

[0115] Further, the image plane shape of the projection 
optical system PL can be detected as follows: 
[0116] First, the reticle R is loaded on the reticle stage 
RST by a reticle loader, not shown. Next, the main 
controller 20 moves the reticle stage RST to locate the 
measurement mark PM at a first detection point (on the 
optical axis of the projection optical system PL in this 
example) within the field of view of the projection optical 
system PL. Next, the main controller 20 controls driving o: 
the movable reticle blind 12 to define the illumination 
area so that only the measurement mark PM will be 
illuminated with the illumination, light IL. Under this 
condition, the main controller 20 irradiates the 



illumination light IL to the reticle R to measure an aerial 
image of the measurement mark PM using the aerial image 
measuring device 5 9 in the same slit-scan manner as 
mentioned above and hence to detect a best focus position Zi 
of the projection optical system PL, storing the result in 
its internal memory. 

[0117] After the completion of detecting the best focus 
position at the first detection point within the field, of 
view of the projection optical system PL, the main 
controller 2 0 moves the reticle stage RST to locate the 
measurement mark PM at a second detection point within the 
field of view of the projection optical system PL. Next, 
the main controller 20 controls driving of the movable 
reticle blind 12 to define the illumination area so that 
only the measurement mark PM will be illuminated with the 
illumination light IL. Under this condition, the main 
controller 2 0 irradiates the illumination light IL to the 
reticle R to measure an aerial image of the measurement 
mark PM in the same slit-scan manner as mentioned above and 
hence to detect a best focus position Z 2 of the projection 
optical system PL, storing the result in its internal 
memory . 

[0118] After that, the main controller 20 repeats 
measurements of aerial images of the measurement mark PM 
and detections of best focus positions while changing the 
detection points within the field of view of the projection 
optical system PL in the same manner as mentioned above. 



[0119] Then, statistical processing is performed based on 
each of the best focus positions Zl f Z2, Zn thus 

obtained to calculate the image plane shape of the 
projection optical system PL. In this processing, an image 
plane curvature may also be calculated in addition to the 
image plane shape. Note that although the reticle R is 
moved to measure the best focus positions at plural 
measuring points at which the measurement mark PM is 
arranged, respectively, a plurality of measurement marks PM 
may be formed on the reticle R so that the measurement 
marks PM will be sequentially illuminated, with the 
illumination light IL through the movable reticle blind 12 
to detect best focus positions at respective points. 
[0120] The image plane of the projection optical system PL, 
that is, the best imaging surface, is a surface composed of 
a set of best focus points among an infinite number of 
points different in distance form the optical, axis (that is, 
an infinite number of points different in image height) . 
Therefore, the image plane shape can be determined easily 
and accurately by such a technique. 

[0121] In case of use of a photomult iplier tube (PMT) as 
the optical sensor 24 like in the embodiment to measure the 
aerial image, it is preferable to set signal sensitivity 
(detection sensitivity} in such a manner to make effective 
use of the dynamic range of the optical sensor 24 and the 
signal processing circuit system including the signal 
processing circuit for the optical sensor even if an L/S 
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pattern, for example, with 1:1 duty ratio, is used as the 
measurement mark. Especially, in case of use of a quasi- 
isolated line pattern with 1:9 duty ratio as the 
measurement mark like in the embodiment, the amplitude of 
fundamental waves tend to be smaller than that of the L/S 
pattern with 1:1 duty ratio, In this case, since 
measurement accuracy is degraded, it is important to adjust 
the signal sensitivity. 

[0122] The following describes about a signal sensitivity 
setting method (calibration method) for the signal 
processing system for processing signal light (slit 
transmitted light) in the exposure apparatus 100 of the 
embodiment . 

[0123] In general, the sensitivity of the PEMT is set 
depending on the applied voltage. In other words, if the 
number of stages of an electron multiplier section (dynode) 
is n and the applied voltage between the positive and 
negative electrodes is V, a current multiplication factor u 
is in approximate proportion to the applied voltage V 
raised to the n-th power. Then, the sensitivity of the PMT 
is set to such a positive sensitivity not to waste the 
dynamic range of the downstream signal processing circuit. 
[0124] However, in the embodiment, since the aerial image 
is measured for the purpose of detecting the best focus 
position, the best focus position is unknown at the time of 
measurement. Therefore, some contrivance is necessary to 
set the sensitivity, In other words, although the peak 



level of the intensity siqnal becomes the maximum in the 
best focus condition, the best focus position itself is 
unknown. In this case, if the applied voltage is set by 
counting the peak level higher, it will be difficult to 
make the most effective use of the resolution (normally 16 
bits) of the A/D converter by making the most effective use 
of the dynamic range, On the other hand, if the applied 
voltage is set by counting the peak level lower, the 
resolution could exceed the dynamic range. 
[0125] Therefore, in the exposure apparatus 100 of the 
embodiment, the main controller 20 sets the applied voltage 
V based on the light intensity signals ( photoelectrical ly 
converted signals) obtained in defocus conditions (or in 
such conditions that the best focus position is unknown) so 
that the maximum peak value upon the best focus will fall 
substantially within the dynamic range of the signal 
processing circuit 42. The following specifically describes 
about t his . 

[0126] FIG, 8 illustrates a schematic block diagram showing 
the structure of a signal processing system 50 for 
processing signal light (slit transmitted light) . 
[0127] This signal processing system 50 includes the 
optical sensor (PMT)24 and the signal processing circuit 42 
that includes an amplifier circuit 4 4 consistina of an 
operational amplifier, a sample holder 46, an A/D converter 
48, etc. A high voltage from a high-voltage power source 52 
is applied between the positive and negative electrodes of 
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the optical sensor 24, Then, the main controller 20 sets 
the applied voltage from the high- voltage power source 52 
based on the output of the A/D converter 4 8 according to 
the following principle to set the signal sensitivity of 
the signal processing system 50. 

[0128] FIGS, 9(A) to 9(C) schematically illustrate 
variations in intensity signal of the aerial, image of a 
quasi-isolated line pattern according to the focus position. 
These figures illustrate examples in which the slit width 

(2D) is sufficiently small (almost infinitely small). FIG. 
9(A) illustrates the best focus condition, and FIGS. 9(B) 
and 9(C) illustrate states in which the amount of defocus 
increases in this order. Since the total amount (cumulative 
luminous energy) of signal light (slit transmitted light) 
should be constant regardless of the amount of defocus, the 
surface area s of each peak and the total surface area S 
must be the same values in FIGS, 9(A) to 9(C), 

respectively, , Here, since the number of peaks is five, the 
cumulative luminous energy S=5xs. Further, since the signal 
capturing width is five pitches, if the pitch is p, the 
signal capturing width is 5p, In FIGS. 9(A) to 9(C), the 
average value ave of signal intensity becomes a constant 
value (5s/5p=s/p) in all cases (see FIG. 9(D)). Therefore, 
the applied voltage V is adjusted until the average value 
of signals obtained from, unknown focus positions reaches a 
ta rget va 1 ue . 

[0129] If a design line width is w, the following is 
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obtained from FIG. 9(A) : 

PEAK=s/w (9) 

On the other hand,, 
s=avexp ( 10 ) 

[0130] Therefore, the following equation is established: 
PEAK=s/w=ave*p/w ( 11 ) 

[0131] In other words, the peak value PEAK for the best 
focus in case of a quasi-isolated line pattern is converted 
from the target average value ave according to the above 
equation (11). Therefore, the applied voltage V is so 
decided that the peak value PEAK calculated by the above 
equation (11) will substantially fall within the dynamic 
range of the signal processing circuit 42. This makes it 
possible to set signal sensitivity in such a manner to make 
effective use of the dynamic range, 

[01321 However, since the slit practically has a finite 
width, it is considered that the above-mentioned setting 
cannot be applied except in a special case (for example, a 
case where the width (0.2 jam) of the slit coincides with 
the line width) , When the slit has a finite width, the 
signal becomes dull depending on the silt width. In this 
case, in order to make effective use of the dynamic range, 
it is necessary to match the peak value of the dull signal 
to the peak value before the signal becomes dull. Therefor 
the following describes a method of matching the peak of a 
dull signal to a signal peak value when the slit width is 
sufficiently small . 
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[0133] First, as shown in FIG. 10(A), description is made 
about a case where the width MARK of an aerial image PM' of 
a target mark in the scanning direction is larger than the 
width 2D of the slit 22, 

[0134] FIG. 10(B) illustrates intensity signals of the 
aerial image PM f when the slit width is sufficiently small 
(infinitely small). FIG. 10(C) illustrates the intensity 
sianal of the aerial imaae PM' when the slit width 2D is 
finite. In these figures, if the peak value is represented 
as PEAK, approximation can be performed to obtain Surface 
Area SA=Surface Area SB, Therefore, the following equation 
(12) is established: 

PEAK=SA/MARK=SB/MARK ( 12 ) 

[0135] From the above equation (12), a signal peak value 
when the width of the slit 22 is sufficiently small (when 
it is almost close to the best focus condition) can be 
calculated based on an integrated value of one peak of 
photoelectrically converted signals obtained by scanning 
the slit 22 having a finite width and the width (design 
value) of the aerial image PM' of the measurement mark in 
the scanning direction. This equation (12) is considered 
just to replace s and w in the equation (11) with SB and 
MARK, respectively, that is, both are considered 
practically equivalent. In other words, the integrated 
value (surface area value) of one peak of the 
photoelectrically converted signals is divided, by the mark 
width, so that the peak value PEAK when the silt width is 
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sufficiently small can be calculated. Therefore, the 
applied voltage V is so decided that the peak value PEAK 
calculated by the above equation (12) will substantially 
fall within the dynamic range of the signal processing 
circuit 42. This makes it possible to set signal 
sensitivity in such a manner to make effective use of the 
dynamic range. 

[0136] Next, as shown in FIG * 11(A), description is made 
about a case where the width of an aerial image PM' of a 
target mark in the scanning direction is smaller than the 
width 2D of the slit 22, 

[0137] FIG. 11(3) illustrates intensity signals of the 
aerial image PM' when the slit width is sufficiently small 

ely small). FIG. 11(C) illustrates intensity 
signals of the aerial image PM' when the slit width 2D is 
finite. In these figures, if the peak value is represented 
as PEAK, the following equation (13) is established: 
PEAK=SC/MARK=SD/2D (13) 

[0138] From the above equation (13), a signal peak value 
when the width of the slit 22 is sufficiently small (when 
it is almost close to the best focus condition) can be 
calculated based on an integrated value of one peak of 
photoelectrically converted signals obtained by scanning 
the slit 22 having a finite width and the width 2D of the 
slit. In other words, the integrated value (surface area 
value) of one peak of the photoelectrically converted 
signals is divided by the slit width 2D, so that the peak 
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value PEAK when the silt width is sufficiently small can be 
calculated. Therefore, the applied voltage V is so decided 
that the peak value PEAK calculated by the equation (13) 
will substantially fall within the dynamic range of the 
signal processing circuit 42. This makes it possible to set 
signal sensitivity in such a manner to make effective use 
of the dynamic range, 

[0139] It is apparent from the above relations that signal 
sensitivity can be set to make the most effective use of 
the dynamic range of the signal processing system 50 based 
on a value determined by dividing the integrated value of 
one peak of the photoelect r ical ly converted signals, 
obtained by scanning the slit 22 having a finite width, by 
larger one of the line width of the aerial image PM' of the 
measurement mark (a design value calculated from the line 
width of the measurement mark times projection 
magnification) and the slit width 2D. 

[0140] The above-mentioned method of setting the signal 
sensitivity (detection sensitivity) can be applied not only 
to a case where the PMT is used as the optical sensor, but 
also any other case where the detection sensitivity of 
another photoelectric conversion device is set, such as, 
for example, to set the gain of an amplifier as an output 
amplification part of the photoelectric conversion device. 
[0141] As apparent from the above description, in the 
embodiment, the main controller 20 serves as a measurement 
processing device, a signal sensitivity setting device, and 
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a calculation device , and the main controller 20 and the 
aerial image measuring device 59 constitute an optical 
characteristic measuring device . 

[0142] As described above in detail, according to the 
exposure apparatus 100 of the embodiment, the illumination, 
system 10 illuminates a measurement mark PM to form an 
aerial image PM' of the measurement mark PM on the image 
plane through the projection optical system PL. Under this 
condition, the main controller 20 uses the aerial image 
measuring device 59 to change the Z position of .the slit 
plate 90 at a predetermined pitch so as to perform aerial 
image measurement on each Z position in a slit-scan manner. 
In other words, the main controller 20 scans the slit plate 
90 in such a manner to scan the slit 22 relative to the 
aerial image PM' while it measures a light intensity 
distribution corresponding to the aerial image PM' based on 
the photoelect r ically converted signals from the optical 
sensor 24. Then, the main controller 20 divides an area, 
surrounded by a waveform of photoelectrically converted 
signals obtained at respective Z positions of the slit 
plate 90 based on the above measurement and the scan axis 
of the slit plate 90, into a first area (A or C) indicating 
that the projection optical system PL is near the best 
focus position and a second area (B or E) indicating that 
it is far form the best focus position to calculate the 
best focus position using an area ratio (a or y) between 
the first area and the second area as an evaluation amount. 
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[014 31 Thus, the area surrounded by the waveform of the 
photoelectrically converted signals and the scan axis of 
the slit plate 90 (slit 22) is just divided by the above- 
mentioned, criteria into two areas without Fourier transform 
or the like of the intensity signals (photoelectrically 
converted signals) of the aerial image. Then, according to 
the area ratio between the two areas , the best focus 
position of the projection optical system PL can be 
measured accurately regardless of the type of measurement 
mark even if not only an L/S mark having a relatively short 
pitch or interval but a measurement mark consisting of an 
isolated line or a quasi-isolated line is used. 

[0144] Further, according to the signal sensitivity setting 
method for the signal processing system 50 performed in the 
exposure apparatus 100 of the embodiment, illumination 
light IL passes through a linear pattern (measurement mark) 
PM elongated on the substance surface of the projection 
optical system PL, for example, in the X-axis direction, 
and having a predetermined line width. The illumination 
light IL is irradiated onto the image plane through the 
projection optical system PL, Then, the slit 22 elongated 
on the image plane, for example, in the X-axis direction, 
and having a predetermined -width is scanned with the 
illumination light IL, for example, along the Y-axis 
direction, and the illumination light IL that passed 
through the slit 22 is received by the optical sensor 2 4 to 
convert it to photoelectrically converted signals 
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corresponding to the intensity of received light. Then, 
based on an integrated value of the photoelectric-ally 
converted signals, the signal sensitivity of the signal 
processing system 50 is set in such a manner as mentioned 
above to make the most effective use of the dynamic range 
of the signal processing system 50. Thus, since the signal 
sensitivity is set in such a manner to make the most 
effective use of the dynamic range of the signal processing 
system, an intensity distribution of the illumination light 
IL, or in the embodiment, a light intensity distribution 
corresponding to the aerial image PM' of the measurement 
mark PM can be measured at a high resolution. 
[0145] Further, according to the exposure apparatus 100 of 
the embodiment, since the aerial image measuring device 59 
with the slit plate 90 integrally formed with the wafer 
stage WST is provided, the main controller 20 can use the 
aerial image measuring device 59 to accurately measure the 
best focus position of the projection optical system PL. 
Then, based on the measurement result of this best focus 
position, calibration information, for example, about the 
output of the multipoint focal position detecting device 
(60a, 60b) is set (that is, so-called focus calibration 
including the setting of focus offset is performed) . This 
results in aligning the reticle R and the wafer W in a 
desired optical position relationship upon scanning 
exposure, and this can prevent poor exposure due to defocus 
and hence achieve precise exposure. 
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[0146] In each aforementioned embodiment, description has 
been made about a case where the present invention is 
applied to a step -and- scan type projection exposure 
apparatus. However, the present invention is not limited 
thereto, and can also be applied to a step -and- repeat type 
exposure apparatus, which transfers a mask pattern onto a 
substrate when both the mask and substrate are in a 
stationary state, and sequentially moves the mask in 
stepping operations . 

[0147] In addition, in each aforementioned embodiment, 
description has been made about a case where the present 
invention is broadly applied to an exposure apparatus used 
in semiconductor manufacturing. However, the present 
invention is not limited thereto, and can be applied, for 
example, to an exposure apparatus for liquid crystal to 
transfer a liquid crystal display device pattern onto a 
square- shaped glass plate, or an exposure apparatus used in 
producing thin-film magnetic heads, image pickup devices, 
microma chines , DNA chips, reticles or masks, or the like. 
[0148] In addition, in each aforementioned embodiment , 
description has been made about a case where KrF excimer 
laser light (248 nm) , ArF excimer laser light (193 nm) , or 
the like is used as the illumination light for exposure, 
However, the present invention is not limited thereto, and 
g-line (436 nm) , i-line (365 nm) , F2 laser light (157 nm) , 
copper vapor laser, YAG harmonic laser, or the like can be 
used as the illumination light for exposure- 
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[0149] In addition, in each aforementioned embodiment, 
description has been made about a case where the projection 
optical system used is a reduction and refraction system. 
However, the present invention is not limited thereto, and 
the projection optical system may be of a full-scale (1:1) 
or enlargement type, and of a dioptric, catadioptric, or 
catoptric type. 

[0150] The exposure apparatus 100 of the embodiment can be 
manufactured by incorporating the illumination optical 
system and the projection optical system PL, both composed 
of a plurality of lenses, into the main body of the 
exposure apparatus and performing optical adjustments while 
mounting the reticle stage RST and the wafer stage WST, 
made up of many mechanical components, in the main body of 
the exposure apparatus with wiring and piping thereto, and 
further performing overall adjustments (electrical 
adjustment, operation confirmation, etc.) . Note that it is 
preferable to manufacture the exposure apparatus in a clean 
room where the temperature, cleanliness, and the like are 
controlled . 

[0151] ((Device Manufacturing Method)) Next, description 
will be made of an embodiment of a device manufacturing 
method using the aforementioned exposure apparatus 100 in a 
lithographic process , 

[0152] FIG. 12 is a flowchart illustrating an example of 
manufacturing devices (semiconductor chips such as ICs or 
LSIs, liquid crystal panels, CCDs, thin-film magnetic head 



micromachines , etc). As shown in FIG, 12, first in step 
201 (designing step) , the function and performance of the 
devices are designed (for example, circuit designing of a 
semiconductor device) and a pattern for implementing the 
function is designed. Then, in step 202 (mask making step), 
a mask on which the designed circuit pattern is formed is 
made. On the other hand, in step 203 (wafer manufacturing 
step) , a wafer is manufactured from materials such as 
silicon . 

[0153] Next, in step 204 (wafer processing step), an actual 
circuit or the like is formed on the wafer by lithography 
using the mask and the wafer prepared in steps 201 to 203 
in a manner to be described later. Next, in step 2 05 

(device assembling step), a device is assembled using the 
wafer processed in step 204. Step 205 includes dicing, 
bonding, packaging (chip sealing), etc. as required. 

[0154] Finally, in step 206 (inspection step), operation 
checks, durability checks, and so on are done for the 
semiconductor devices manufactured in step 205. Thus, the 
semiconductor devices are completed via these processes, 
and they are shipped. 

[0155] FIG. 13 illustrates a detailed flow of step 204 in 
manufacturing semiconductor devices. In FIG. 13, the 
surface of the wafer is oxidized in step 211 (oxidation 
step) . In step 212 (CVD step), an isolating film is formed 
on the surface of the wafer. In step 213 (electrode 
formation step) , electrodes are formed on the wafer by 
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vapor deposition. In step 214 (ion implantation step), ions 
are implanted into the wafer. Steps 211 to 214 described 
above constitute a pre-process for respective steps in the 
wafer process^ and are selectively performed in accordance 
with processing required in each step, 

[0156] After completion of the above pre-process for 
respective steps in the wafer process, a post-process is 
performed as follows: In this post -process , first in step 
215 (resist formation step), a photosensitive material is 
applied to the wafer. Then, in step 216 (exposure step), 
the circuit pattern on the mask is transferred onto the 
wafer using the above-mentioned lithography system 
(exposure apparatus) and the exposure method. Next, in step 
218 (etching step) , exposed material portions other than 
those on which the resist remains are removed by etching. 
Then, in step 219 (resist stripping step), the resist 
material unnecessary after the etching process is removed. 
[0157] By repeating the pre-process and the post-process, 
circuit patterns are formed one upon another on the wafer 
in a superimposed manner. 

10158] When the device manufacturing method described so 
far in the embodiment is used, the exposure apparatus of 
the aforementioned embodiment is used in the exposure 

Am 

process (step 216), so that poor exposure due to defocus 
can be prevented, and hence the reticle pattern can be 
transferred onto the wafer accurately. This can improve the 
productivity (including yield) of highly integrated 
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semiconductor devices , 
[0159] 

[Effects of the Invention] As described above, according to 
the optical characteristic measuring method of the present 
invention and the optical characteristic measuring device 
of the present invention, the best focus position of the 
projection optical system can be measured accurately 
regardless of the type of measurement mark. 

[0160] Further, according to the signal sensitivity setting 
method of the present invention, a light intensity 
distribution can be measured accurately by making the most 
effective use of the resolution of the signal processing 
system . 

[0161] Furthermore, according to the exposure apparatus of 
the present invention, poor exposure due to defocus can be 
prevented to achieve precise exposure, 

[0162] Furthermore, according to the device manufacturing 
method of the present invention, device productivity can be 
improved . 

[Brief Description of the Drawings] 

[FIG, 1] It is a view schematically illustrating the 
structure of an exposure apparatus according to one 
preferred embodiment of the present invention, 
[FIG, 2] It is a view illustrating the internal structure 
of an aerial image measuring device and an alignment 
iTi jl r o c o p e i n n I G * _l * 

[FIG. 3] It is a view illustrating a state when an 



alignment mark on a wafer is being detected under the 
alignment microscope . 

[FIG. 4] FIG. 4(A) is a plan view illustrating the aerial 
image measuring device when an aerial image PM' is formed 
on a slit plate during aerial image measurement r and FIG, 
4 (B) is a graph illustrating an example of 

photoelect rically converted signal (light intensity signal) 
P obtained during the aerial image measurement, 
[FIG, 5] It contains graphs for explaining a first method 
of detecting the best focus position, in which FIG. 5(A) 
illustrates the intensity of slit transmitted light in the 
best focus condition obtained from a simulation by taking 
the Y position of a slit on the abscissa, and FIG. 5(B) 
illustrates the intensity of slit transmitted light in a 1- 
\im defocus condition by taking the Y position of the slit 
on the abscissa. 

[FIG. 6] It is a graph for explaining a method of 
determining the best focus position using an area ratio as 
an e va 1 u a t i o n a mo u n t . 

[FIG. 7] It contains graphs for explaining a second method 
of detecting the best focus position, in which FIG. 7(A) 
illustrates the intensity of slit transmitted light in the 
best focus condition obtained from a simulation by taking 
the Y position of a slit on the abscissa, and FIG. 7(B) 
illustrates the intensity of slit transmitted light in a 1- 
pra defocus condition by taking the Y position of the slit 
on the abscissa. 



[FIG. 8] It is a block diagram schematically illustrating a 
signal processing system for processing signal light (slit 
transmitted light) . 

[FIG, 9] FIGS . 9(A) to 9(D) are views for explaining a 
method of setting signal sensitivity when a slit width (2D) 
is sufficiently small (almost infinitely small). 

[FIG. 10] FIGS. 10(A) to 10(C) are views for explaining the 
method of setting signal sensitivity when the slit width 

(2D) is finite and the width of the aerial image of a mark 
is larger than the slit width, 

[FIG. 11] FIGS. 11(A) to 11(C) are views for explaining the 
method of setting signal sensitivity when the slit width 

(2D) is finite and the width of the aerial image of the 
mark is narrower than the slit width. 

[FIG. 12] It is flowchart for explaining a device 
manufacturing method according to the present invention. 

[FIG. 13] It is a flowchart illustrating the details of 
step 204 in FIG. 12. 

[Description of Reference Numerals and Symbols] 
10 ... Illumination System (Illumination Device), 20 ... Main 
Controller (Part of Measurement Processing Device , 
C a 1 c u 1 a t i on Device, S i g n a 1 Sens i t i v i t y S e 1 1 i n g D e v i c e , 
Optical Characteristic Measuring Device) , 22 ... Slit 
(Measurement Pattern), 24 ... Optical Sensor (Photoelectric 
Conversion Device), 42 ... Signal Processing Circuit, 50 ... 
Signal Processing System, 59 ... Aerial Image Measuring 
Device (Part of Optical Characteristic Measuring Device) , 
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90 ...Slit Plate (Pattern Forming Member),, 100 ... Exposure 
Apparatus , PL ... Projection Optical System, IL ... 
Illumination Light, PM ... Measurement Mark, PM' ... Aerial 
Image^ W ... Wafer (Substrate) , R ... Reticle (Mask) f WST ... 
Wafer Stage (Substrate Stage). 
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